Objective: To compare refractory convulsive status epilepticus (rSE) management and outcome in children with and without a prior diagnosis of epilepsy and with and without a history of status epilepticus (SE).
Among the main prognostic factors of SE, time to treatment administration is the most amenable to improvement. Both adults [13] [14] [15] [16] [17] and children [17] [18] [19] [20] receive antiepileptic drugs (AEDs) later than recommended by most SE guidelines. [21] [22] [23] Most episodes of pediatric SE occur in children with no history of seizures. 1, 19 However, there are no data on whether having a history of seizures or SE results in more timely treatment-including initial abortive medication and escalation of therapies-and better outcomes.
The aim of this study is to address these gaps in knowledge by comparing the management and outcome of rSE in children with and without a prior diagnosis of epilepsy and in children with and without a history of SE.
METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the institutional review board at each participating institution. Written informed consent was obtained from the parents or guardians of each participant.
Study design. The current study is a prospective observational study. The pediatric Status Epilepticus Research Group (pSERG) is a network of 11 pediatric hospitals in the United States that prospectively collects data on children with SE with the goal of delineating strategies for improving management and prognosis. 24 Patients. We studied patients with rSE in order to asses all of the steps in the management pathway of SE. Inclusion criteria were (1) age from 1 month to 21 years; (2) admission to a pSERG institution between June 1, 2011, and May 1, 2016; and (3) focal or generalized convulsive seizures at onset that continued after administration of at least 2 AEDs, including at least one nonbenzodiazepine (BZD) AED or the use of a continuous infusion to treat SE. There was no time threshold to define rSE. Exclusion criteria were (1) nonconvulsive SE detected on EEG lacking convulsive seizure at onset and (2) nonconvulsive SE with motor manifestations limited to infrequent myoclonic jerks. If more than one episode of rSE occurred during the study period, only the first episode was included. The clinical presentation, EEG findings (both ictal and postictal), and follow-up data were not consistent with psychogenic nonepileptic seizures in any of our patients. pSERG centers usually follow published guidelines on SE treatment, but there is no common management protocol: decisions are made based on clinical judgement by the individual treating teams. Detailed data on time to treatment of the first 81 patients in this population have been reported. 19 Outcome variables. The primary descriptive measures for rSE management were the time from seizure onset to the administration of the first BZD, first non-BZD AED, and first continuous infusion. The primary outcome measures were duration of intensive care unit (ICU) stay, duration of convulsive rSE (clinical end of convulsive seizures), proportion of children who returned to pre-rSE baseline at hospital discharge (as evaluated clinically), and in-hospital mortality. The time to AED administration was based on information from families and emergency medical services (EMS) for out-of-hospital seizure onset and from provider documentation and medical records. A prior diagnosis of epilepsy was based on the clinical diagnosis as provided by the individual center. Data were collected with a standardized data acquisition tool and then entered into an electronic database hosted by Cincinnati Children's Hospital Medical Center. Details of the pSERG consortium have been published. 24 Statistical analysis. Demographic and clinical characteristics were summarized with descriptive statistics. We compared nonparametric continuous variables with the Wilcoxon rank-sum test and categorical variables with the Fisher exact test. Time to administration of AEDs was described in a time-to-event analysis and compared with the Gehan-Breslow-Wilcoxon test, which is more sensitive than the log-rank test to differences between groups that occur early and less sensitive to later points in time (likely outliers in this dataset). Given that the location of SE onset-in-hospital vs out-of-hospital-is a potential effect modifier, we supplemented our analysis of the entire study population with a stratified analysis of patients with in-hospital and out-of-hospital SE onset. A conventional 2-sided a level was set at 0.05. We controlled for multiple comparisons with the Benjamini and Hochberg false discovery rate for each subgroup of comparisons (epilepsy vs no epilepsy and SE vs no SE) using a threshold of 0.05. 25 The main goal of false discovery rate control is to set significance levels for a collection of tests in such a way that among tests declared significant the proportion of true null hypotheses is lower than a specified threshold: 5% in this case. 25 figure 1B ), while management of SE with inhospital onset was similar in patients with and without a diagnosis of epilepsy (table 3, figure 1C ). 
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Unknown/not reported 9 (10.1) 10 (10) figure 2B ), while management of SE with in-hospital onset was similar in patients with and without a history of SE (table 3, figure 2C ).
DISCUSSION Our data demonstrate that, among children with rSE, those with a diagnosis of epilepsy do not receive more timely treatment than those without. In contrast, those with a history of SE (not only of seizures) receive a more timely administration of abortive medication than children without a history of SE. In our series, differences were mainly driven by rSE episodes with an out-of-hospital onset. Despite less timely management, patients with a diagnosis of epilepsy spend less time in the ICU and are more likely to return to baseline and have lower mortality at hospital discharge. Current literature recommends rapid administration of AEDs for seizures lasting more than 5 minutes and a rapid escalation between different classes of AEDs if needed. 21 independent from the underlying etiology 32 and clinical studies have shown that prolonged seizures are associated with worse outcomes.
14,33-37 Marked delays to AED administration are well-documented. In a retrospective study of 889 patients (625 adults and 264 children) with SE, approximately 60% of the patients received their first AED after 30 minutes and approximately 25% after 60 minutes. 17 In a series of 542 patients with convulsive seizures of at least 10 minutes duration, the median (p 25 -p 75 ) time from hospital arrival to administration of a non-BZD AED was 24 (15-36) minutes. 18 The study with the initial 81 patients in the pSERG consortium showed that the time elapsed since SE onset to administration of the first, second, and third AEDs were 28 (6-67) minutes, 40 (20-85) minutes, and 59 (30-120) minutes, respectively. 19 Different endpoints and methodologies complicate direct comparisons, but together, these data suggest that the timeliness of SE treatment needs improvement.
While treatment delays in SE are well documented, there are no data on what causes these delays. The present study aimed to understand whether a diagnosis of epilepsy or a history of SE modifies treatment timeliness. One might surmise that the families and the health care environment of patients with a diagnosis of epilepsy would be familiar with SE management and, therefore, would give more timely treatment. Contrary to our expectations, we found that patients with a diagnosis of epilepsy were assisted by EMS later, arrived to the hospital later, and received the first non-BZD AED later than patients with no diagnosis of epilepsy. Specifically, it took approximately twice as much time to receive that management in patients with a diagnosis of epilepsy. These results may reflect that Table 2 Main families and health care providers of patients with epilepsy are less disturbed by seizures, have difficulty recognizing SE, and only activate the EMS or present to the hospital when seizures are far more prolonged than usual. In contrast, when a child without a diagnosis of epilepsy has a seizure, the families and health care providers might provide more timely treatment. Patients with a history of SE received their first BZD almost 3 times as quickly (8 vs 20 minutes) than patients without a history of SE. This difference was largely driven by patients with out-of-hospital SE onset, who received their first BZD 6 times faster (5 vs 30 minutes) when they had a history of SE. These results suggest that it is the experience of a prior episode of SE and not the history of epilepsy that drives more timely treatment of such patients. To further support this point, patients with a diagnosis of epilepsy were less likely to receive at least one continuous infusion (39% vs 57%), were less likely to be intubated (66% vs 83%), and had a longer duration of SE (174 vs 120 minutes). These findings suggest that delays in treatment are not attributable to lack of access to treatment but to an insufficiently timely treatment of a prolonged seizure in the already epileptic patient. Education about SE as a life-threatening emergency might help improve times to treatment. In particular, our results suggest that a more detailed discussion with patients on when to intervene with rescue medication and individualized seizure action plans may improve times to treatment. Although we cannot necessarily infer causality, the literature supports that longer delays to treatment are associated with longer SE duration. In a series of 45 episodes of generalized convulsive SE in children, the duration of SE was shorter (32 vs 60 minutes) in the 19 episodes treated with out-of-hospital diazepam than in the 26 episodes without prehospital treatment. 30 A study of 182 children with convulsive SE evaluated the effect of delays: for each minute from seizure onset to arrival at the emergency room, there was a 5% cumulative increase in the risk of SE lasting more than 60 minutes. 34 In a previous pSERG study, the longer the delays to the first, second, and third AED, the longer the duration of SE. 19 Despite having more prolonged SE episodes, patients with a diagnosis of epilepsy were more likely to return to baseline function at hospital discharge and to have lower in-hospital mortality. The reasons for better short-term outcomes in patients with a prior diagnosis of epilepsy are unknown. Some had argued that, as there is less risk for poor outcome in patients with prior epilepsy, prompt treatment is not as crucial as in patients with no prior epilepsy. 38 A more reasonable interpretation is that among patients who present with rSE with no prior epilepsy, there are a higher proportion of acute etiologies with a worse prognosis. Also, the baseline functional condition of patients with a diagnosis of epilepsy is likely worse (and easier to return to) than for patients with a normal functional baseline, as reflected in the higher rate of intellectual disability and cerebral palsy in patients with a diagnosis of epilepsy. Our results are concordant with prior literature that suggests that mortality in SE depends largely on the underlying etiology and is higher in children without prior epilepsy, who are more likely to have an acute symptomatic etiology. 8, 39, 40 Our study describes management and outcome in 189 cases of pediatric rSE, which to our knowledge places this series among the largest in the current literature.
1,34 Our population is not necessarily representative of all children with epilepsy or with SE, as our cohort received care for rSE in tertiary care reference centers. In order to gather a large enough population of children with rSE, our study enrolled patients from reference hospitals with greater volume. Episodes of SE that occur in the community and never reach large tertiary care hospitals could not be studied with this approach. However, to evaluate all stages of SE management and compare large populations, a multicenter study in reference centers is necessary. Further, this study focuses on convulsive rSE and did not consider nonconvulsive SE. Times were assessed based on family and EMS information for out-of-hospital onset and from provider information and hospital records once in the hospital. We cross-referenced information on times with families, EMS, nurses, and medication administration records when available to reduce potential information and recall bias.
We accounted for multiple comparisons using false discovery rate adjustment. Our preplanned data analysis showed a consistent tendency, frequently reaching statistical significance, towards less aggressive treatment of SE in patients with a diagnosis of epilepsy. Where the SE started-in or out of the hospital-is a potentially important effect modifier if unevenly distributed between patients with and without epilepsy. Our large sample size allowed a stratification of results by location of SE onset.
Children who experience rSE and have a diagnosis of epilepsy are treated less timely than children without a diagnosis of epilepsy. Our data show that children with a history of SE are treated more aggressively than children with no history of SE. We do not have data on what causes less timely treatment in patients with a diagnosis of epilepsy. We can only hypothesize that in patients with no prior diagnosis of epilepsy, the protocol for SE is implemented as soon as possible. In contrast, in patients with a diagnosis of epilepsy the treatment is likely based on prior therapies or the neurologist's opinion. Despite this lack of knowledge, our results clearly identify specific steps in SE management (e.g., arrival to the hospital, time to initiation of non-BZD AEDs) and specific populations (e.g., patients with a diagnosis of epilepsy) in which to focus education and policies for timely treatment of prolonged seizures.
Our study establishes that children with rSE do not receive more timely treatment if they have a diagnosis of epilepsy and it is the history of SE, not seizures, that is associated with a more timely administration of abortive medication. These differences are mainly driven by SE episodes with an out-of-hospital onset.
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